(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 0 696 824 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) into 6 : H01 ft/1 8/02, C04B 35/42, 


14.02.1996 Bulletin 1996/07 


H01B 1/08 


(21) Application number: 95112696.0 




(22) Date of filing: 1 1 .08.1 995 




(84) Designated Contracting States: 


• Miyamoto, Hitoshi, 


CH DE GB LI 


c/o Takasago Machinery Works 




Arai-cho, Takasago-shi, Hyogo-ken (JP) 


(30) Priority: 1 2.08.1994 JP 1 90489/94 


• Matsudaira, Tsuneaki 




c/o Kobe Shipyard &Mach. Works 


(71) Applicant: MITSUBISHI JUKOGYO KABUSHIKJ 


Hyogo-ku Kobe-shi Hyogo-ken (JP) 


KAISHA 


Tokyo (JP) 


(74) Representative: Wibbelmann, Jobst, Dr. 




D-81541 Miinchen (DE) 


(72) Inventors: 


• Mori, Kazutaka, ; 




c/o Takasago Machinery Works 




Arai-cho, Takasago-shi, Hyogo-ken (JP) 





(54) Interconnector material for electrochemical cells 

(57) An interconnector material for use in electro- 
chemical cells having Y 2 03-stabilized Zr0 2 as a solid 
electrolyte, said interconnector material comprising a 
lanthanum chromite material of the following general for- 
mula: 



(La^SrJtC r^MJO a. 



where M is Zr or Ti, x is in the range of 0.1 to 0.2, and y 
is in the range of 0.05 to 0.2. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

This invention relates to a lanthanum chromite mate- 
rial which can be advantageously used as an intercon- 
nect material in electrochemical cells such as solid- 
oxide fuel cells and sol id -electrolyte steam electrolyzers. w 

2. Description of the Related Art 

For example, in solid-oxide fuel cells (hereinafter 
abbreviated as SOFCs) or solid-electrolyte fuel cells, rs 
interconnects are used as connecting members for 
combining a plurality of single cells to raise the total volt- 
age and thereby obtain high electric power. Such inter- 
connectors function not only to provide electrical 
connection, but also to separate the oxidizing gas (air) 20 
from the reducing gas (fuel) at elevated temperatures. 
Accordingly, refractory metals having a high melting 
point and perovskite type oxides, such as lanthanum chr- 
omite doped with Mg, Ca or Sr, have been used as inter- 
connector materials. 25 

Since the operating temperature of SOFCs is as 
high as 1 .000°C or so, even high-melting metals form an 
oxide during long-term use in an oxidizing atmosphere. 
This is undesirable in that their surfaces come to have 
electrical insulating properties and thus exhibit poor 30 
electric conduction. 

On the other hand, lanthanum chromite which is an 
oxide is stable in an oxidizing atmosphere, but has the 
disadvantage that its electric conductivity is low and 
some characteristics thereof, such as electric conductiv- 35 
ity, change as a result of reduction in a reducing atmos- 
phere.. For this reason, .lanthanum chromite has been 
doped with an alkaline earth metal, such as Mg, Ca or 
Sr, in order to enhance its electric conductivity. When lan- 
thanum chromite is doped with Mg, Ca or Sr t its electric 40 
conductivity becomes higher in the order mentioned. 

Moreover, since an SOFC is an assembly consisting 
of a solid electrolyte [i.e.. YSZ (Y^-stabilized Zr0 2 or 
yttria-stabilized zirconia)], electrodes, such as oxygen 
electrodes and fuel electrodes, and interconnects, the 45 
coefficient of thermal expansion of the interconnectors 
needs to match with that of YSZ. which forms a base. 
From this point of view, lanthanum chromite doped with 
Sr has a coefficient of thermal expansion of the order of 
10 x 1CT6 °C _1 which is almost equal to that of the solid so 
electrolyte YSZ. Accordingly, lanthanum chromite doped 
with Sr which has a high electric conductivity and a coef- 
ficient of thermal expansion almost equal to that of the 
solid electrolyte YSZ has been used as an interconnector 
material for SOFCs. 55 

Observing the behavior of lanthanum chromite 
doped with Sr in a reducing atmosphere, however, it has 
been found that a relatively high degree of expansion is 
caused by reduction. This is presumed to be responsible 



for deformation and cracking of the interconnectors. and 
delamination of the electrodes. 

gUMMARY OF THE INVENTION 

In view of the above-described technical level, an 
object of the present invention is to provide an intercon- 
nector material comprising a lanthanum chromite mate- 
rial which shows low reductive expansion, a high electric 
conductivity, and a coefficient of thermal expansion close 
to that of YSZ (i.e., 10.2 x 10"6 °C~1). 

The present invention provides an interconnector 
material for use in electrochemical cells having Y2O3- 
stabilized Zr0 2 as a solid electrolyte, comprising a lan- 
thanum chromite material of the following general for- 
mula: 



(La^Sr^Cr^MyJOs. 

where M is Zr or Ti, x is in the range of 0.1 to 0.2, and y 
is in the range of 0.05 to 0.2. 

According to the present invention, lanthanum chr- 
omite (LaCr0 3 ) is modified by replacing a portion of La 
by Sr and further replacing a portion of Cr by Zr or Ti. 
The resulting lanthanum chromite materials can prevent 
expansion in a high-temperature reducing atmosphere 
while retaining a high electric conductivity and a high 
coefficient of thermal expansion, and are hence useful 
as interconnector materials. Specifically, in the present 
invention, Sr is used as a doping element for lanthanum 
chromite, and zirconia or titania is further added thereto. 
As a result, there can be obtained a material having a 
high electric conductivity, a coefficient of thermal expan- 
sion of around 10 x 10"6 °C~ 1 , which is relatively high 
for ceramics, and a very low amount of expansion of 
about 0.1% or less as caused by the release of oxygen 
in a high-temperature reducing atmosphere. 

In order to prevent the expansion of a lanthanum chr- 
omite material during reduction while maintaining its 
coefficient of thermal expansion at the same level as that 
of YSZ and without reducing its electric conductivity 
appreciably, the present invention involves adding zirco- 
nia or titania to lanthanum chromite in which a portion of 
La has been replaced by Sr as a solute element. This 
stabilizes the trivalent chromium and thereby makes it 
possible to minimize its expansion upon reduction. 

For example, when 1 5% of La in lanthanum chromite 
of the formula LaCr0 3 is replaced by Sr, its electric con- 
ductivity at 1,000°C is as high as 30 S-cm" 1 . Moreover, 
the coefficient of thermal expansion of this material is of 
the order of 10 x 10'6 °C" 1 and almost equal to that of 
YSZ forming the main component of SOFCs. However, 
this material exhibits a high degree of expansion during 
reduction and its use has been limited thereby. According 
to the present invention, the requirements of intercon-' 
nectors for use in SOFCs (i.e.. a coefficient of thermal 
expansion almost equal to that of YSZ, a high electric 
conductivity, and the minimization of expansion during 
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by reduction) can be met by further replacing a portion 
of Cr by Zr or Ti. 

The interconnect material of the present invention 
has a composition represented by the following general 
formula: (La 1 . x Sr x )(Cr l . y M y )03, where M is Zr or Ti. x is 
in the range of 0.1 to 0.2. and y is in the range of 0.05 to 
0.2. These ranges of the x and y values have been deter- 
mined so as to give a value of reductive expansion of not 
greater than 0.13% which is within acceptable limits for 
the deformation and cracking of interconnectors, an elec- 
tric conductivity of not less than 10 S cm" 1 which is suit- 
able for the practical use as interconnectors, and a 
coefficient of thermal expansion of 9 to 10.5 x 10" 6 °C~ 1 
which is close to that of YSZ. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing changes in the reductive 
expansion of the (La^Sr^Cr^yZr^O;} material of 
the present invention when x was fixed at 0.2 and y 
was varied; 

Fig. 2 is a graph showing changes in the electric con- 
ductivity of the (La! . x Sr x )(Cr 1 . y Zr y )03 material of the 
present invention when x was fixed at 0.2 and y was 
varied; 

Fig. 3 is a graph showing changes in the coefficient 
of thermal expansion of the (La 1 . x Sr x )(Cr 1 . y Zr y )03 
material of the present invention when x was fixed 
at 0.2 and y was varied; 

Fig. 4 is a graph showing changes in the reductive 
expansion of the (La 1 . x Sr x )(Cr 1 . y Zr y )0 3 material of 
the present invention when y was fixed at 0.1 and x 
was varied; 

Fig. 5 is a graph showing changes in the electric con- 
ductivity of the (La^ x Sr x )(Cr^ v Zr y )Q2 material of the 
present invention when y was fixed at 0. 1 and x was 
varied; 

Fig. 6 is a graph showing changes in the coefficient 
of thermal expansion of the (La l . x Sr x )(Cr 1 . y Zr y )0 3 
material of the present invention when y was fixed 
at 0.1 and x was varied; 

Fig. 7 is a graph showing changes in the reductive 
expansion of the (Lai. x Sr x )(Cr 1 . y Ti y )0 3 material of 
the present invention when x was fixed at 0.2 and y 
was varied; 

Fig. 8 is a graph showing changes in the electric con- 
ductivity of the (La 1 . x Sr x )(Cr 1 . y Ti y )03 material of the 
present invention when x was fixed at 0.2 and y was 
varied; 

Fig. 9 is a graph showing changes in the coefficient 
of thermal expansion of the (La l . x Sr x )(Cr 1 . y Ti y )0 3 
material of the present invention when x was fixed 
at 0.2 and y was varied; 

Fig. 10 is a graph showing changes in the reductive 
expansion of the (La 1 . x Sr x )(Cr 1 . y Ti y )0 3 material of 
the present invention when y was fixed at 0.1 and x 
was varied; 

Fig. 1 1 is a graph showing changes in the electric 
conductivity of the (La Vx Sr x )(Cr 1 . y Ti y )0 3 material of 



the present invention when y was fixed at 0. 1 and x 
was varied; and 

Fig. 1 2 is a graph showing changes in the coefficient 
of thermal expansion of the (La^Sr J(Cr 1 . y Ti y )0 3 
5 material of the present invention when y was fixed 

at 0.1 and x was varied. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

w 

In order to clarify the effects of the present invention, 
the following examples are given. 

Exa m ple 1 

15 

A series of oxides having a composition represented 
by the following general formula were experimentally 
prepared: (La : . x Sr x )(Cr 1 . y Zr y )0 3 , where x is in the range 
of 0 to 0.5 and y is in the range of 0 to 0.4. 

20 Lanthanum oxide, strontium carbonate, chromium 
oxide, and zirconium oxide, which were used as starting 
powders, were mixed according to several formulations. 
Each of mixtures was blended in a ball mill and then heat- 
treated at 1,300°C for 10 hours to obtain a compound 

25 oxide powder. Then, the compound oxide powder was 
uniaxially pressed at 100 kg/err^ to obtain a disk having 
a diameter of about 60 mm and a thickness of about 5 
mm, which was subjected to CIP (cold isostastical press) 
at 2,000 kg/cm 2 . The resulting compact was sintered at 

30 a temperature of 1 ,500-1 ,700°C to obtain a sintered 
compact. From the several discoid sintered compacts 
thus obtained, 3 x 4 x 40 mm test pieces were prepared 
and used as samples for the measurement of some 
physical properties. These physical properties were 

35 measured according to the following procedures. 

[Reductive expansion] 

Each test piece was maintained in an atmosphere 
40 of hydrogen at 1,000°C for 5 hours. After cooling, its 
change in length was measured. 

[Electric conductivity) 

45 Four platinum lead wires were wound around each 

test piece with the space of about 10 mm between adja- 
cent lead wires. Then, its electric conductivity was meas- 
ured at various temperatures according to the direct- 
current four-terminal method. 

50 

[Coefficient of thermal expansion] 

While the temperature of each test piece was raised 
at a rate of 10 °C/min. its thermal expansion was meas- 
55 ured continuously. 

Fig. 1 shows data on the reductive expansion. The 
abscissa indicates the value of y in the above general 
formula and the ordinate the reductive expansion (%). In 
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this case, the value of x in the above general formula was 
"fixed at 0.2. 

When y = 0, the reductive expansion is as high as 
0.3%. Even if x = 0.2, as the value of y is increased from 
0, the reductive expansion becomes lower. 

Fig. 2 shows data on the electric conductivity at 
1,000°C. The abscissa indicates the value of y in the 
above general formula and the ordinate the electric con- 
ductivity (S-crrT 1 ). Also in this case, the value of x in the 
above general formula was fixed at 0.2. 

When y = 0. the electric conductivity is as high as 
37 S-crrT 1 . However, the electric conductivity becomes 
lower as the value of y is increased from 0. 

Fig. 3 shows data on the coefficient of thermal 
expansion. The abscissa indicates the value of y in the 
above general formula and the ordinate the coefficient of 
thermal expansion (x 10~6 °C~ 1 ). Also in this case, the 
value of x in the above general formula was fixed at 0.2. 

When y = 0. the coefficient of thermal expansion is 
10.3 x 10~ 6 °C _1 and almost equal to that of YSZ (i.e., 
10.3 x 10~ 6 °C"" 1 ). However, the coefficient of thermal 
expansion becomes lower as the value of y is increased. 

The above-described results have revealed that, 
when the value of y (i.e.. the proportion of Cr which is 
replaced by Zr) is increased, the reductive expansion 
becomes lower, but the electric conductivity and the 
coefficient of thermal expansion also become lower. 

Fig. 4 shows data on the reductive expansion. The 
abscissa indicates the value of x in the above general 
formula and the ordinate the reductive expansion (%). In 
this case, the value of y in the above general formula was 
fixed at 0.1. 

When y = 0.1. the reductive expansion becomes 
higher as the value of x is increased. 

Fig. 5 shows data on the electric conductivity at 
1,000°C. The abscissa indicates the value of x in the 
above general formula and the ordinate the electric con- 
ductivity (S-crrT 1 ). Also in this case, the value of y in the 
above general formula was fixed at 0.1. 

When x = 0, the electric conductivity is as low as 1 
S*cm~ 1 . However, the electric conductivity becomes 
higher as the value of x is increased. 

Fig. 6 shows data on the coefficient of thermal 
expansion. The abscissa indicates the value of x in the 
above general formula and the ordinate the coefficient of 
thermal expansion (x 10~e °C~ 1 ). Also in this case, the 
value of y in the above general formula was fixed at 0.1. 

When x = 0, the coefficient of thermal expansion is 
7.5 x 10~ 6 °CT 1 and significantly lower than that of YSZ 
(i.e., 10.3 x 10" 6 °C~ 1 ). However, the coefficient of ther- 
mal expansion becomes higher as the value of x is 
increased. 

The above-described results have revealed that, 
when the value of x (i.e.. the proportion of La which is 
replaced by Sr) is increased, the reductive expansion 
becomes higher, but the electric conductivity and the 
coefficient of thermal expansion also become higher. 

Where the (La^Sr^CrvyZryJOa material is to be 
used in SOFCs and the like, it is necessary that its coef- 
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ficient of thermal expansion be almost equal to that of 
the solid electrolyte YSZ and, at the same time, it have 
a high electric conductivity and shows low reductive 
expansion. As a result, it has been concluded that the 
5 value of x should preferably be in the range of 0.1 to 0.2 
and the value of y in the range of 0.05 to 0.2. 

Example 2 

w A series of oxides having a composition represented 
by the following general formula were experimentally 
prepared: (La^S^KCr^yTi^Os where x has a value in 
the range of 0 to 0.5 and y has a value in the range of 0 
to 0.4. 

is Lanthanum oxide, strontium carbonate, chromium 
oxide and titanium oxide, which were used as starting 
powders, were mixed according to several formulations. 
Each of mixtures was blended in a ball mill and then heat- 
treated at 1,300°C for 10 hours to obtain a compound 

20 oxide powder. Then, the compound oxide powder was 
uniaxially pressed at 100 kg/cm 2 to obtain a disk having 
a diameter of about 60 mm and a thickness of about 5 
mm, which was subjected to CIP treatment at 2,000 
kg/cm 2 . The resulting compact was sintered at a temper- 

25 ature of 1 .500-1 .700°C to obtain a sintered compact. 
From the several discoid sintered compacts thus 
obtained, 3 x 4 x 40 mm test pieces were prepared and 
used as samples for the measurement of some physical 
properties. These physical properties, such as the 

30 reductive expansion, electric conductivity, and coeffi- 
cient of thermal conductivity, were measured in the same 
manner as in Example 1 . 

Fig. 7 shows data on the reductive expansion. The 
abscissa indicates the value of y in the above general 

35 formula and the ordinate the reductive expansion (%). In 
this case, the value of x in the above general formula was 
fixed at 0.2. 

When y = 0, the reductive expansion is as high as 
0.3%. Even if x = 0.2, as the value of y is increased from 
40 0, the reductive expansion becomes lower. 

Fig. 8 shows data on the electric conductivity at 
1 ,000°C. The abscissa indicates the value of y in the 
above general formula and the ordinate the electric con- 
ductivity (S-crrT 1 ). Also in this case, the value of x in the 
45 above general formula was fixed at 0.2. 

When y = 0, the electric conductivity is as high as 
37 S*crrT 1 . However, the electric conductivity becomes 
lower as the value of y is increased from 0. 

Fig. 9 shows data on the coefficient of thermal 
so expansion. The abscissa indicates the value of y in the 
above general formula and the ordinate the coefficient of 
thermal expansion (x 10"6 °C~ 1 ). Also in this case, the 
value of x in the above general formula was fixed at 0.2. 
When y = 0, the coefficient of thermal expansion is 
55 10.3 x 10"6 °C" 1 and almost equal to that of YSZ (i.e.. 1 
10.3 x 10~ 6 °C" 1 ). However, the coefficient of thermal 
expansion becomes lower as the value of y is increased. 

The above-described results have revealed that, 
when the value of y (i.e., the proportion of Cr which is 
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replaced by Zr) is increased, the reductive expansion 
becomes lower, but the electric conductivity and the 
coefficient of thermal expansion also become lower. 

Fig. 10 shows data on the reductive expansion. The 
abscissa indicates the value of x in the above general 
formula and the ordinate the reductive expansion (%). In 
this case, the value of y in the above general formula was 
fixed at 0.1. 

When y = 0.1, the reductive expansion becomes 
higher as the value of x is increased. 

Fig. 1 1 shows data on the electric conductivity at 
1,000°C. The abscissa indicates the value of x in the 
above general formula and the ordinate the electric con- 
ductivity (S'crrT 1 ). Also in this case, the value of y in the 
above general formula was fixed at 0.1. 

When x = 0, the electric conductivity is as low as 1 
S'cm" 1 . However, the electric conductivity becomes 
- higher as the value of x is increased. 

Fig. 12 shows data on the coefficient of thermal 
expansion. The abscissa indicates the value of x in the 
above general formula and the ordinate the coefficient of 
thermal expansion (x 10~ 6 °C _1 ). Also in this case, the 
value of y in the above general formula was fixed at 0.1 . 

When x = 0, the coefficient of thermal expansion is 
7.5 x 10~ 6 °C~ 1 and significantly lower than that of YSZ 
^Jj.e., 10.3 x 10~ 6 °C~ 1 ). However, the coefficient of ther- 
mal expansion becomes higher as the value of x is 
increased. 

The above-described results have revealed that, 
when the value of x. i.e.. the proportion of La which is 
replaced by Sr, is increased, the reductive expansion 
becomes greater, but the electric conductivity and the 
coefficient of thermal expansion also become higher. 

Where the (La 1 . x Sr x )(Cr 1 . y Ti y )03 material is to be 
used in SOFCs and the like, it is necessary that its coef- 
ficient of thermal expansion be almost equal to that of 
the, solid electrolyte YSZ and. at the same time, it have 
a high electric conductivity and shows low reductive 
expansion. As a result, it has been concluded that the 
value of x should preferably be in the range of 0.1 to 0.2 
and the value of y in the range of 0.05 to 0.2. 

Claims 



8 

3. The interconnector material claimed in claim 1, a 
reductive expansion of which is about 0.1 % or less. 

4. The interconnector material claimed in claim 1, 
s wherein x is between 0.15 and 0.2, and y is between 

0.1 and 0.15. 
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1. An interconnector material for use in electrochemi- 45 
cal cells having Y^a-stabilized Zr0 2 as a solid elec- 
trolyte, said interconnector material comprising a 
lanthanum chromite material having a general for- 
mula: 

50 

(La 1 . x Sr x )(Cr 1 . y M y )0 3 , 

where M is Zr or Ti. x is in a range of 0. 1 to 0.2, and 
y is in a range of 0.05 to 0.2. 

55 

2. The interconnector material claimed in claim 1, a 
thermal expansion coefficient of which is approxi- 
mately equal to that of yttria-stabilized zirconia used 
as a solid electrolyte in an electrochemical cell. 
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